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The present invention rotates to novel compositions comprising dyes which are chemically finked to po*y- 
merfe imktes. Such compositions are useful as artireflectlve layers or coatings. Such compositions are also 
especially useful In the fabrication of integrated circuit devices by photolithographic techniques. 

In the fabrication of integrated circuits, the exposure of a photoresist to light is an integral prccess step. 
^.^^ on ^ hi 9 n ***** having sub mioron dimensions requires that such exposure be sooom* 
ZPr P 10 **"* tolerances. Por example, it is important to control the linewtdth of the imaged 

arxiteveioped^^ 

features is small, typically less than 10%. 

The difficulty in con trolling llnewkft h fn high resolution photoresist patterns over reflective topography is 

Sl^^Tj^J* exampIe ' °" Widmann and H Binder « >6EE Trans, Electron Devices. CCWa, 467 
11 975). When photoresist layers overlaying reflective substrates are exposed using monochromatic light sourc- 
es, a constructive interference pattern between the normally incident expos/ng light and light reflected from 
the substrate is created In the resist The resulting pattern of optical nodes and entinodes which is normal to 
the plane of the reflective Interface, and repeats along the optical axis, is the cause of localized variations fn 
the effective dose of exposing light This phenomenon is known in the art as the interference or standing wave 
effect Other pattern distortions are caused by light reflected angularly from topographical features and era 
discussed by M. Boteen, G. Buhr, H. Menem, and K Van Werxfen. Solid State Tech.. Feb. 1988, 83. These 
distortions are known in the art as reflective notching. 

The quantif ieation of the interference effect can be measured by using the swing ratio (SR), set forth by 
» TBrunner.SPIE, 1466,297 (1991), 

where R< Is the reflectivity of the resist/air interface and R 2 is the reflectivity of the resist/substrate interface 
at the exposing wavelength, a Is the resist absorption coefficient and D is the resist thickness. A low swing 
ratio Implies that localized variations in the effective dose of exposing light are email, and thus the exposure 
25 dose is more uniform throughout the thickness of the film. One method to reduce the swing ratio is use of a 
photoresist or lit hographic process which Imparts a high numerical value In a or D. giving a high numerical value 
to the product of aD. 

Other methods tor reducing the swing ratio are the use of coatings which reduce the contribution of R1 or R2, 
such as through the use of antireflectfve layers. 

30 The lithographic techniques for overcoming the problems of forming patterns on reflective topography in* 
dude dyes added to the photoresists as described in U.S. Patent No. 4,575,480 to Kotani, e£aJ.,U.S. Patent 
No. 4,823,900 to Hertog, US. Patent No. 4,882,200 to Kchara, gt §J., and U.S. Patent Na 5,043,243 to Yajima, 
Stflt* top surface imaging (TSI) processes, multilayer resists (MLR) with added dyes as described In U.S. Pa- 
tent No. 4,370,405 to OToole, etaf., top antkeflective layers (1ARL), bottom antirariective layers (BARD which 

9$ may comprise inorganic materials or organic materials, and coatings comprising potyamic adds or poly butene 
sulfbne with added dyes, 

When a dye is added to photoresist to form an optically sensitive fflm having high optical density at the 
wavelength of the exposing radiation, several problems may be encountered. These Include sublimation of the 
dyes during baking of the films, loss of resist sensitivity, tfrff butties during deep ultra violet hardening processes 

«* which are commonly used with novolak comprising resists, thinning of the resists In alkaline developers, and 
distortion of the resulting relief image. TSI processes require high optical density at the wavelength of the ex- 
posing radiation and efcnlar processing difficulties are often encountered. Furthermore, TSI and MLR proc- 
esses are costly and complex. 

Tlanaka eta]., have disclosed the use of a TAftL as an optical element overlaying a photoresist layer, how- 

«* ever, this approach is not effective in reducing top notching effects from underlaying reflective topography and 
also requires removal with halogenated solvents prior to the photoresist development stop. T. Tfcnaka, N. Ha- 
segwa, H. Shiraishl, and S. Okaaakl, J, Beotreohem. Soc . 137, 3900 (1990). 

Inorganic BARLs such as sHIcon require precise control of the film thickness, which for a typical SOOAthick 
f am is ± 10nm. T. Pampalone, M Camaoho, B, Lee, and E. Douglas, J, Electrochem. Soa. 136, 1181 (1989). 

so Pampalone has described the use of titanium oxynltrides on aluminum surfeoes to reduce reflectivity from 85% 
to 25%, however, TlNxOy processes require special deposition equipment, complex adhesion promotion tech- 
niques prior to resist application, a separate dry etching pattern transfer step, and dry etching for removal. Horn 
has disclosed the similar use of tftanfum nitride antiref lectlve coatings, however, such coatings are often In. 
oorporated into the completed semiconductor device as a permanent element thus TIN coattogs are not suit. 

w able tor use with every photolithographic layer. M, Horn, Solid State Tech.. Nov. 1991, 58. 

U.S *A- 4.91 0.1 22 to Arnold, et ah, discloses organic BARLs comprising poiyemio acids or poiybutone sul- 
fones with added dyes. The films derived from the poiyamic add compositions are cured by baking at a tem- 
perature of at least 148*0 for 30 minutes. Pampalone has noted thai the baking conditions must be carefully 
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oontrotted to prevent the occurrence of oversized or undersized relief images in the knag*} and developed 
photoresist Horn has noted that the BARL tended to peel or leave a residual scum. The poJyamlc acid based 
BARL ia also developed with alkaline developer of the resist Concurrently, any Al layers which may be in oon. 
tact with the BARL are attacked by the alkaline developer, which may cause lifting of the BARL and resist layer. 

& The films derived from polybutene euWbne wfth coumarfn dyes require coating thicknesses of 2*0 mm and 
baking at 140*C for 60 minutes- The 2,0 mm thick f am of polybutene eulfone may tend to f II In and ptanaifte 
deep trenches, resulting In localized regions having a film thicker than 2.0 mm, and requiring plasma over etch- 
ing to remove the f Im. The use of a 2.0 mm layer with an added 10 mm teslst layer may exoeed the usual 
depth of focus of fees than 2 mm for advanced, higher numerical aperture exposure tools. In addition long bake 

10 times are not compatible with a rapid throughput cluster tool processing efrategy, thus, such materials may 
require additional or separate long coating or baking steps that add process costs. Polybutene eulfone Is also 
thermally unstable at temperatures above about 120«c and may decompose with out gassing. This may lift 
the overlying resist during deep ultra violet hardening or Al etching where the wafer temperature may reach 
150°C. 

is U.S. -A- 2J51 .373, 2.811 .509, 4.763.086, 3.854.946, and 4,809.814 disclose the grafting of dyes or small 
molecules onto polymeric structures consisting of poly(maleio anhydrides), pojtfltaconic anhydrides), polya- 
crylates, and polymethacryiates. The resulting polymers are ring opened products comprising a semi-amide 
in conjunction with a semi-acid or semester. Most of the resulting polymer* are rapidly soluble in aqueous 
alkaline developers due to the presence of acid or amide groups, and all have at feast some appreciable degree 

20 of solubility. Thus, these compositions would not be suitable as BARL materials for common resists using aqu- 
eous alkaline developers. Furthermore, all of the known compositions are soluble In solvents such as those 
typically used to cast photoresist f ims. Therefore, intermixing of polymer layers during application of a BARL 
material based on these compositions would be a substantial disadvantage. 

Czech patent 200,359 to Matejka similarly discloses compositions comprising eemi-amJdes derived from 

2$ malefc anhydride oopdymers, which oemposttone are also soluble in aqueous alkaline solutions. 

The present invention provides novel compositions which comprise the reaction product of a polymer hav- 
ing an anhydride group and an amine dye whfch strongly absorbs ultraviolet light having a wavelength in the 
range from about 385 nm to about 438 nm, or from about 1 93 nm to about 300 om. By means of the reaction, 
the polymers have at least one arhinoaromatlo ohromophore chemically linked thereto. The amhoaromatic 

30 ohromophore may be any aromatic compound having a primary or secondary amino moiety and having a high 
optical ebsorbanoe coefficient Preferred chromophobes have an optical absorb*** coefficient of at least 
about 10/jim. 

The compositions of the present invention may be dissolved in various solvents to provide a composition 
which Is ueeftil for forming thin films. The present invention contemplates that the flm may be formed by spin 
9$ casting, extrusion coating, dipping, spraying, or other methods commonly known In the art If desired, a pho- 
toresist film may be applied over the antkeflective film. Photolithographic processes comprising the step of 
applying the antiref lective film prior to the patternwise or blanket exposure of the photoresist have improved 
linewWth control resulting from a reduction of the standing wave effect and also from a reduction of the reflec- 
tive notching effect 

40 The present invention also provides method© for the in sfcj preparation of the novel compositions from 
precursor compositions comprising maielc anhydride copolymers or glutaric anhydride copolymers or deriva- 
tives thereof in combination with aromatic amines. The amireflecttve film Is formed by means of applying the 
precursor composition to a substrate and heating the substrate to cause further reaction, thus forming a one 
component antireflectJve film. 

« K is an intent of the present invention to provide improved materials for antfreflectlve coatings, and a met h- 
od for the use thereof. 

The anUreflectlve films of the present invention have a high optical absorbanoe at the wavelength for vtfifch 
they are intended to be used. The optical density is not limited by dye edubflity or phase separation. Thus, 
the film may be thinner than other antireflectSve f Ims known in the art Additionally, some alternative embodi- 
*> ments of the present Invention have the unexpected advantage of a high refractive Index at the wavelength 
for which they are intended to be used. This is advantageous because the required film thickness for an ef- 
fective BARL is inversely proportional to the refractive index. A BARL which is thin is advantageous in reducing 
transfer bias, and may also provfd improved focus and alignment characteristics during patternwise exposure 
of the photoresist 

* Furthermore, the antireflectlve f ims of the present Invention provide a tow optical absorbanoe at wave* 
lengths which are longer than the wavelengths for which they are intended to be used. Per example, films de- 
rived from the disclosed compositions which are Intended to be used w*h expostag light having a wavelength 
in the range from about 193 nm to about 300 nm are sufficiently transmissive at wavelengths longer than about 
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320 nm to permit film thickness measurement* by interlfcrometrlo techniques for process definition a nd control 
Aleo i: fllms intended for use with exposing light having a wavelength of about 3©5nm are similarly transmlsslve 
at wavelength* longer than about 426 nm, and films intended for use with exposing light having a wavelength 
in the range from about 3B5nm to about 430 nm are similarly transmtesive at wavelengths longer than about 
$ 460 run. 

Another advantage of the present compositions is that the optical density Is not decreased during subse- 
quent processing steps by loss of the chromophobe. It is known that heating of mixtures of volatae dyes in poly- 
mers to temperatures above the glass transition point of the polymer may cause the dye to sublime from the 
f tm. The disclosed compositions provide a thermally stable antfrsflective fSmwhteh is not subject to decreases 

10 In optica! density when treated at temperatures of up to about 250°<X Similarly, the dtffoaion of the chremo- 
phore Into the photoresist layer during any subsequent baking of the resist is minimized or obviated. Further- 
more, the chemically bound chromophobe of the present Invention is not extracted by solvent when a photo- 
resist film is applied over the antireflective flm. The disclosed compoeitfona are particularly useful in conjunc- 
tion with photoresist films cast from solvents comprising esters sue* as ethyl oeilosdve aoetate, ethyl ethoxy 

16 propionate, ethyl lactate, methyl eeffoeotve acetate, or propylene glycol acetate. 

The anttP&flecuVe film of the present invention has improved dry etching properties. In CF 4 etching proc- 
esses, the high selectivity ratio between the disclosed BARL materials and the imaged and developed photo- 
resist causes the BARL material to etch at a foster rate than the remaining resist layer, useful for direct etoh 
Hansfer processes. This allows for another additional variation of a lithographic process in which the BARL 

20 layer is etched ilLSfiu without separate oxygen etch step, saving time and lowering processing costs. Such un- 
interrupted OF 4 etching of the BARL material and an underlying silicon comprising material also reduces etch 
transfer bias. A slmtar process may be used to etch through a BARL material overlaying a metal such as alu- 
minum with an uninterrupted chlorine - based metal etch process. 

The disclosed compositions are particularly useful in conjunction with alkaline developable photoresist 

2$ films. The disclosed BARL compositions resist the action of alkaline developers such as aqueous potassium 
hydroxide or tetr&methylammonium hydroxide, the developers moat commonly used to develop novofak - dla- 
zoquinone photoresists or acid catalyzed polyhydroxystyrene photoresists. W. Moreau, 
Semiconductor Lithography. Principles. Practices, and Materials . Plenum. New York, 1988, Chapters 2 and 
10. This is advantageous because the pattern factor dependent transfer bias is minimized and a special ad- 

30 hosiofl promoter is not required to prevent lifting. 

An additional benefit of the BARL over aluminum layers is that ft arts asa barrier against alkaline developer 
attack on the aluminum layer. In the past, this required the use of sodium silicate based developers which are 
harmful to CMOS devices because of the sodium ion present Higher contrast developers, based on tetrame- 
thylammonhim hydroxide (TMAM), can be used for the photoresist which allows for even higher resolution. 

99 The antireflective film may be coated with a variety of photoresist materials with llttfe or no prior baking 
of the antireflective layer. A BARL material which permits substrate coating In the same equipment as, and 
immediately prior to, the application of photoresist without a separate baking step, saves time and lowers proc- 
ess costs. 

Additional uses and advantages of the present invention will become apparent to the skilled artisan upon 

ao reading the following detailed description of the invention and the preferred embodiments. 

According to the Invention polymer compositions for bottom antireftective layers (BARLs) for deep UV and 
near UV mterellthography are provided. Deep UV is considered to be ultraviolet light haying a wavelength In 
the range from about 193 nm to about 300 nm. Near UV is considered to be ultraviolet light having a wavelength 
In the range from about 360 nm to about 436 nm, 

& The polymer compositions of the invention comprise a reaction product of a polymer having at least one 
repeating anhydride group with an amlnoaromatic compound having high near UV and / or high deep U V ab- 
sorbed*. Preferred copolymer compositions have an optical absorbance coefficient of at least about 10/um 
at the wavelength of the exposing light. More preferred compositions have a high optical absoifcance coeffi- 
cient over the range of wavelengths of the exposing radiation. The term optical absorbance coefficient has 

90 been defined by Brw%ti*r, supra, and will be a known expression to the worker skilled in the art 

The amlnoaromatic chromophobe Is selected so as to absorb strongly at the wavelength of the exposing 
radiation and yet to permit film thickness measurement on an irrterferometric tod such as a NANOSPEC In- 
strument and also to permit alignment through the BARL material at longer wavelengths. For example, f 8ms 
derived from the disclosed compositions which are Intended to be used with exposing light having a wavelength 

99 m the range from about 193 nm to about 300 nm are sufficiently trensmjssrve at wavelengths longer than about 
320 nm to permit «m thickness measurements by such interfercmetric techniques* as previously described. 

The aminoaromatic chromophobe may be any aromatic compound having a primary or secondary amino 
moiety linked thereto, and having an optical absorbance coeffioiertofatleastabout1Q/Mm.Theaminoafomafe 
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t^^TJ^!^ Ju?J* * niM >"* n »"'«' a benzyl amine, oranother^inooomatic compound where- 

6 SeVh^h^^^l?^ ? mpound by mean " of * bon<s - T** ™* barred airfnoar- 
Z££EZ£TZ WleC 2! f f° m th9 9roup consisti "8 <* 1-niooanlhwow, 2*uZanthrecene £ 

«^« AmQ 1 ? 8 J he T e f refern6d and tost P"**n=d embodiments, many of the disclosed embodiments com- 

mS to f ^TS' L ^JT 9 <h8t m8ny 01 tha «**»**" comprising N-aryt aminc^matt 
nraoe, »ne t electrons of the aromatic group are in conjugation with the oarbonyl group of the ootvmer Th« 

will ^^JTt^ lnV9 ?° niS J in I*" 1 * * the lmMe linkage, to skilled artsan 

MhM JS^t?!!!?^ ^ in9 the lmMlaBon reactk>n to completion 

D^lTiS iSf-t ' r K,9 'i^ !** ^, ncttona!W « ™y ^ in the ^tantoompos.-tiona. The 
S^^h^C^^llv"" 188 fe MpaM byand fe tnG spirit cf the present invention, 
^Z^^ZX are essentially insoluble in aqueous alkaline photoresist developers. 

I« l n !^S. rf^ T* ,^' S be6special, V useful * fading a composition having specific opt- 
ical properties at each of several wavelengths of ultra violet light 

oJ£? ^^£*£S? m !f! c *™ w P nor « s are d V»s which are commercially available from the AWrfch 

EST 1 ?: , Eastman Kodak Company, the Sigma Chemical Company, and like sources. 
■■■ETEISITKl!? ^T* m f ntl0n 00mpfise any P 0,ymer *> anhydride group. Particular ex- 
S^^L^^^'^^^^^' PoJy(maleic anhydride-cofnothylmethacfylate), 
^^^^^I' n ^T hy,ether) ' PoM«tyrene-cc-maleic anhydride), and poly<aorylic anhydride , 
3^^' M"^!' ^ cor71binabons toreof . Preferwd polymers include polymera having a 5 m*m- 
oered or 6 membered cyclic anhydride group. 

It is known In the art that maieic anhydride monomers which are unsubstltuted at the 3 and 4 positions 
are most amenable to free radical pofyrrwteations, however, in an alternate embodiment of the present inverv 
!!^2Tl! r p^P* 1811 * 8uednic anhydrtde repeat units substituted in the 3 or 4 or both positions may be 
selected for the said polymer having an anhydride gioup. 

The present invention contemplates that in another alternate embodiment, a polymer of the general form 



C . 
I 



o=c-o-c=o 



™!!!^.^Ll. e f*****"™ ^'"9 an anhydride group, where X. Y. and Z, may be Independently H 
£ a " y ™ ca ' ,y staW « functionality, and n Is an Integer including 0. Thus the polymer has an anhydride group 
ESS-? 0 !? *° nyl ft,nctiona " ty to tne Polymeric backbone and has another anhydride carbonyl 

SfSZSiS'^i £ Pendan ! 9 " JUP an ° 061,0 th * P lymer P** 60 ™ through the anhydride oxy- 
^'J^^T ! nhy ? ride ^P b P 000 ^ to polymer backbone through only one cartxmyl funotionatity. 

oX 3225222? £ " ,U t t . be ***** 80 M 10 rs8UH 5n » ^ ction P"*«<* not soluble In 

aqueous alkaline developers. Thus, ft is expected that the aminoaromatle ehremophore must contain a sec 
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ondary amine, giving rise to a tertiary amide reaction product 

The present invention contemplates that polymers having a thioanhydrfde group, or other teosterfc moiefr 
* Jf 1 ** 8 * 1 * f0fthe Mid ^^S 80 anhydride group as a component in similar compositions, 
In the disclosed compositions, the amirwaromatic chromophore is ohem t cally linked to the polymer. The 
5 linkage results from any set of oondfcons giving rise to a reaction between the amine group of the chromophore 
end the oarbonyl functionality of the anhydride group. Typically the chemical linkage involves the formation 
of an Wde or amide, however, the skilled artisan will appreciate that such linkage may also Involve the Ion 
metfon of other related chemical groups. It is expressly noted that the linkages of the present compositions 
are oovalent bonds, and not ionic bonds, charge transfer oomplexes, nor other bond types related to association 
10 compounds. In the present invention, such oovalent chemical bonds are formed by a thermal reaction how- 
ever, the skilled artisan will appreciate that other met hods of inducing such reactions exist 

The polymeric compositions of the present invention may be dissolved In various solvents to provide a com- 
position which is useful for forming thin films. Particular examples of solvent© Include, without limitation, Q* 
butyrolactone, cydopentanone, cyclohexanone, dimethyl acetamkte, dimethyl formamkle, dimethyl sulfoxide, 
16 N-methylpyrrolidone, tetrahydroforfural afoohol, or combinations thereof. 

The preferred solvents are Q-butyrofactone, cydopentanone, and cydohexanone. In an alternative embodn 
ment, traces of a surfactant such as 3M Rnorad FC-430 may also be added. 

The polymeric compositions of the Invention are characterized by being immiscible with the photoresist 
and essentially Insoluble in the typical casting solvents used In diazoQUinone novolak photoresist compositions. 
» The polymeric compositions are also characterized by being Insoluble in the aqueous alkaline developers for 
such photoresists, thus films formed of the compositions are not readily removed during wet development 
Suoh films are formed by methods well known in the art The thin films are easly applied and removable by 
ja etaj dry etching using the resist image as the etching mask, 

H has been found that lithographic patterning on reflective substrates which gives rise to an interference 
2$ effect and patterning over features which give rise to angular scattering or reflective notching is substantially 
improved by the use of the BARL compositions of the present invention. The control of line width variations 
due to standing wave effects over the uneven topography of underlying reflective features is achieved by the 
absoitance by the BARL of the imaging wavelengths. 
. In an alternative embodiment the composition of the present Invention may be applied directly to the li- 
30 thographlc substrate without isolation. Thus, the reaction product in solution may be used directly as a casting 
formulation, 

The following examples more particularly describe the preparation and method of use of the BARL com- 
positions; 

Example 1 

Tb a solution of 3.0 grams of maJelo anhydride - vinylmethytether copolymer having a weight average mo- 
lecular weight of about 50,000 in 75 grams of dry pyridine was added 5.4 grams of N-(2<4-dlnitrophenyl)-1 ,4- 
benzenediamine (Disperse Yellow 9, hereafter referred to as DY*9), and the solution was heated to110«Cfor 

40 * hours. When the polymer was fully snidked, as indicated by infrared (IR) spectroscopy, the polymer product 
was precipitated by pouring the solution into excess hexane. The polymer product was f Itered off, dried in va- 
cuum and dissolved in cyclohexanone to achieve a concentration of about 2% by weight based on the solvent 
weight Af lm having a thickness of about 50 nm and having an optical absorbanoe coefficient of about 1 4/mm 
was prepared by applying the polymeric solution to a lithographic substrate and spinning to achieve a thin, 

45 uniform film. 



Example 2 

The polymer product of Example 1 was dried in vacuum and disserved in cyclohexanone to achieve a con- 
centration of about 6% by weight based on the solvent weight Af Am having a thickness of about 200 nm and 
having an optical absorosnce coefficient of about 14/mm was prepared by applying the polymeric solution to 
a lithographic substrate and spinning to achieve a uniform thin fim. 

Bamgjej 

A solution of 3.0 grams of maleic anhydrlde-vinylmethylether copolymer and 5.4 grams of DY-9 in 220 
grams of cydopentanone was heated at 130*C unt! th imidfcatfen reaction was oompfete. The solution was 
f Itered through 0.1 mm filters and applied directfy, without isolation of the reaction product, to a lithographic 
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r£5?l£ by 8pinnlf * to form • "litem thin film. Th fftn of 80 nm had an optical absorbance coef- 
? 2 ^1? at365nrn and 22/mrn at 248ncn - ^ fiJ ro *w essentially transparem at wavelengths longer 
k^I? 00 T and the film thickness »* ineeeured by the use of a NANOSPEC reflectance fflm 
thickness measuring Instrument, using a refractive index of 1 .701 at 0236 A and the appropriate Cauchy coef* 
ncients. 



Example 4 



A ****** of 3.0 grams of maleic anhydride - vinyl methytether copolymer and 6.4 grams of DY^ Sn 220 
2T* * c * doh « arione was n ^ated to 130«C to form the imide product. As In Example 3, the Instant compo- 
sition was used dlreotfy, without Isolation of the reaction product, on a lithograph'* substrate* followed by spin* 
hing to farm a uniform thin BARL film, 



Examples 



A solution of 2.0 grams of styrene - maleic anhydride copolymer and 5.0 grams of DY-9 in 200 grams of 
cyctohexanone was heated to reflux untf imidtzatton was essentially complete. The fmidfced product was ftt- 
tared and was used directly, without Isolation of the reaction product on a lithographic substrate, followed by 
spinnrng to form a uniform thin BARL flm. The film had an optical absorbance coefficient of 14/mm at 385 
# nm* 

Example 6 

A solution of $.0 grams of maleic anhydride - vinylmethylether oopofyrrrar and 4*1 grams of 2-amfnoan- 
to thraeene in 250 grams of cyciohexanone was heated to form the Jmide product as previously described. The 
product was filtered and was used directly, without isolation of the reaction product, on a lithographic substrate. 
Spinning produced a uniform thin BARL film on tjie lithographic substrate having a thickness of about 60 nm 
with an optical absorbance coefficient of about 29/mm at a wavelength of 248 nm. 

to Example 7 

The BARL formulation of Example 4 was applied to a 200 mm reflective poiysaicon wafer by spin coating 
at 3000 cpm. Subsequently, a 1 .2 mm thick f Hm of a diazoquinone - novolak resist was coated over the BARL 
notarial and baked at 95*Cfor 1 minute. The resist was patternwise exposed on a 385nm GCA stepper to form 
35 0.7 mm latent images. The resist was developed in 0.26N TMAH and the knages were transferred by CF 4 etch- 
ing In one step through the BARL material and info the potystlicon. Tner* was no detectable Image distortion. 
No standing waves were detected by scanning electron microscopy (SEM). 

Examples 

40 

For a comparison of the effectiveness of various antfreflecttve layers In reducing interference effects, the 
swing ratios were measured at 365 nm by the method of Brunner. The BARL material of Example 3 was coated 
on a polysHicon wafer, which was then overooatsd with a novolak based photoresist The measured swing ratio 
of this structure was compared wfth similar structures consisting of photoresist over TiN over polysilioon, and 
45 photoresist alone over polysilioon. The results are shown: 

Swing ratbs of a novolak resist over pdysiioon using BARL, TIN, or no antfreflecttve underlayer 



Rftsist/BARL 


ResfetfTiN 


Resist Only 


9% 


17% 


41% 



That the BARL layer was more effective then TIN In reducing interference effects is clearly shown, 
Example 9 

Two sets of sllioon wafers were used to show the improvement In line width control aocorded by use of 
the Ctectoeed BARL compositions, Reflective pdyeflioon wafers in a control set were coated with a diazoqui- 
none -novolak resist having discrete film thicknesses ranging from 1 .00-1 .30 mm. The resist was exposed on 
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a GCAatepper, post exposure baked, and developed In 0.26N TMAH. The linewidths were measured by SEM 
A second set of wafers was first coated with 8ARL competition of Example 4, then coated with the same no- 
volak resist having the same film thicknesses as the control wafers, The resist was exposed, developed, and 
the linewidths were measured by SEM, "fable 1 summarizes the relief image linewWths obtained either with 
$ of without the underlaying BARL material. 



TABLE 1 



10 


Comparison of images with and without BARL on silicon 


Resist Thickness 


Resist only Linewidth 


Resist/BARLUnewidth 




1,125 mm 


0.72 mm 


0.73 mm 




1-150 mm 


0*79 mm 


OJSmm 


19 


1163 mm 


0.87 mm 


o.76mm 




1.178 mm 


0.97 mm 


0.77 mm 




1.201 mm 


0.94 mm 


0.76 mm 


20 


1*224 mm 


0.86 mm 


0.75 mm 




1.254 mm 


0.79 mm 


0,74 mm 




Standard Deviations of Line Thicknesses 


aa 


i 


0,088586 


0.013481 



It oan be seen that Kftewfdth variations are greatly reduced by Including a BARL composition of the present 
toventlon In ths processing. 

90 Example 10 

A poiyellioon wafer having 0.5 mm wide lines wrth sloped side walls etched into the wafer surface was coat- 
ed with dlazoquinone - novolak resist Relief images characterized by 0.7 mm long patterns running parallel 
x ^ do* to the step were produoed by exposing at 365 nm and developing the resist Reflective notching 
was observed in the patterns* The same pattern was produced In a photoresist layer using an undercoat of 
the BARL material. No reflective notching was observed in the 0.7 mm patterns. 

Bcamptell 

40 A portion of a solution of 3.0 grams of maieto anhydride * vinyfmethylether copolymer and 5.4 grains of 
DY*9 in 200 grams of cydohexanone was filtered, spin ooated on a silken wafer, and baked on a hot plate at 
185*0 for 1 .5 minutes. The film was not removed by treatment with propylene glycol ether acetate, or alterna- 
tively by treatment with 0.28 N TMAH photoresist developer solution. As cast, the film had a thickness of 61 

^ nm and had an optical absorbance coefficient of 13/mm at 365 nm. 

Example 12 

The reduction In swing amplitude (SA) of photoresist on reflective substrates was evaluated for the BARL 
n formulations of Examples 3 and 6 using the model of Brunnar, based on the measured refractive index (RJJ 
and optical absorbanoe coefficient (A/mm) of the BARL at a wavelength <WL) of 248 nm and at 365 nm. The 
calculated SA was also determined for theoretical BARLs formulated from the following aminoaromaUc chrc- 
mophores: 

SARL-11 Aminoazoaniline 
^ BARL-12 Aminonaphthalene 

' b BARU13Ammocoumarin 

The swing amplitudes for resist layers ither wlth and without Mi BARL underlayer are compared in Table 2. 
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TABLE 2 



20 



2$ 





BARL 


WL 


SA/NoBARL 


SA/BARL 


SA/BARL 


RJ 


A/rrwn 

T^rmiM 1 


s 








calculated 










2 


365 


36% 


8% 


7% 


1.93 


14 




2 


248 


98% 


14% 


16% 


2.13 


19 


19 


S 


248 


98% 


4% 


3% 


2.12 


31 




11 


366 


36% 


7% 




1.89 


IS 




12 


248 


98% 


11% 




2.13 


22 


M 


13 


365 


36% 


11% 




1.89 


11 



. -J^Hf^ 6 #xamp,es sr * <l««rtbe<l with respect to compositions useful at an exposing radiation wave- 
ZfUJl^ T* com P° lSition ® for use at other wavelengths such as 193 nm, 248 nm, or 436 run, or 
with broadband radiation, may be prepared by selecting the appropriate aminoeromatic ohromophores. 

_ upon a reading of the present disclosure, it wil be apparent to the skilled artisan that other embodiments 
of the present invention beyond those embodiments specifically described herein may be made or practiced 
without t departing from the spirit of the invention. Similarly, changes, combinations and modifications of the 
presently disclosed embodiments will also become apparent The embodiments disclosed and the details 
r*^*[f '"tended to taach the practice of the invention and are intended to be illustrative and not limiting. 
Acowdlngly. such apparent but undisclosed embodiments, changes, combinations, and modifications aw con- 
sidered to be wlthm the spirit and scope of the present invention as limited solely by the appended claims 



Claims 



1. Affm forming composition comprising the snide reaction product of at least one amlnoaromatie ohromo- 
phore with a polymer comprising an anhydride. 

2. The material of dabn 1 wherein the composition exhibits an optical absotbance coefficient of at least 
10f|im for ultraviolet radiation having at feast one wavelength in the range from about 193 nm to about 
300 nm or In the range from about 365 nm to about 436 nm. 

3. The material of daim 1 wherein the polymer comprises a repeat unit of the form 



40 



45 



SO 



Rl R2 

\ / 

_ C - C _ 

I I 

o=c c=o 

\ / 

o 



55 



where R1 and R2 may be Independently H. atkyl, phenyl or hydrogen. 
4. The materia! of dalm 1 wherein the polymer comprises a repeat unit of the form 
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R4 R5 

\ / 
R3 C R6 

\ / \ / 
C C 

I I 

o-c c-o 

\ / 

o 



where R3, R4, R5> and R$ may be independency H. alkyl, phenyl or hydrogen. 

5, the material of claim 1 wherein the aminoaromatic chromophobe to a prfmoy eryf amine. 

20 *. The material of daim 1 wherein the aminoa/omatio ohromophore is ejected from the group consisting qf 
amfnoenthreoenes, aminonaphthalenes, benzytamines, N^2^initropbenyl>1 Abenzenedlamine, p- 
<2,4-drnitrophenylazo)an3ine, p-C^N.N-dlmethylaifninophenytaoJanilifte, 4-amjno-2-{d-(6.hydfaxy-3- 
xanthenonyl))-beh20ic acid, 2 t 4-dintrophenylhydra2ine f dinftmanrline, amioobenzothlazollne, and amino- 
fluorenone. 

7. The film terming composition of daim 1 wherein said polymer comprising an anhydride is a copolymer 
oomprfcing a fi»t repeat unit having an anhydride group and a second repeat unit having an ethylene 
group with at least one substituent 

8. The material of daim 7 wherein the oompoeftten exhibits an optical absorbanoe coefficient of at least 
10/tim for ultraviolet radiation having at least one wavelength in the range from about m nm to about 
300 nm or in the range from about 3ftS nm to about 436 ran. 



«. The material of eialm 7 wherein said first repeat unit is of the form 

Rl R2 

\ / 
C - C 



<0 I I 

o=c c=o 

\ / 

0 

46 

where R1 and Kt may be independently H. alkyl, phenyl or hydrogen. 
10. The. material of daim 7 wherein said first repeat u nit is of the form 
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R4 R5 

\ / 
R3 C R6 

6 \ / \ / 

• C C 

II 

10 O^C c=o 

\ / 

0 

1$ where R3, R4, R5« and m may be independently H, alkyf, phenyl or hydrogen. 

11 The material of claim 7 wherein the aminoaromatic compound is a primary aryf amine. 

1fc The material of claim 7 wherein the amlnoaromatic compound to selected ftom the group consisting of 
20 amineanthiacenes, aminonaphthalenea, benzylamines, N^^hitrophenyi)^ ,4-<beft2enediamine, p- 
<2.4-dlnitroph*nyiazo)aniline, p-(4-N f N^irnet^l^»nophen)rfaa»)anfllne t 4*mino-2.(9.<&.hydfoxy.3* 
xanther*nyl)).benzoJc acid, 2,4^lnfrophenylhydra*in©, dlnlboanlllne, aminobenzothjaaoline, and amino- 
fluorenone. 

1& The material of dahn 7, wherein said eeoond repeat unit having an ethylene group with at least one aub- 
atituentisofthefbrrn 



X 



c - c 

I 

Y 

55 

where X and Y may be independently afkoxy, afkyi having 1*5 cartons, substituted carbonyl, substituted 
or unsubstftuted oxyc&rbonyl, or substituted or unsubstitutod phenyl, or where X may be H. 

14 A film fbiwing compost 
w chromophore with a polymer comprising an anhydride. 

15. The material of daim* 1, 7, or 14 wherein the Imlde reaction product is dissolved In a solvent 

16. A method of producing a film forming oomposifon compri^g t 

48 aminoaromatfo chromophore with a polymer comprising an anhydride, sak! method comprising the steps 
oft 

charging a reaction vessel with the said polymer and the said aminoaromatic compound and a advent 
comprising oydopentanone, cydohexanone, or Q-butyrolaotone; and 
refluxing or heating the reactants; and 
so flaring the reaction product and 

applying the filtered produt* to a lithographic substrate without completely drying the reaction product 

17. A method of producing a film forming composition comprising the Imlde reaction product of at least one 
aminoaromatfo chromophore with a polymer comprising an anhydride, said method comprising the steps 

fS . OIK 

Obtaining a mixture of the said polymer and the said aminoaromstic compound and a sor/ent comprising 
cydopentanone, cydohexanone, or Q-butyrdactone; and 
filtering the mbdurei and 
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apptyfng the filtArad mixture to a lithographic substrate; and 
heating the mixture to form said imWe reaction product to jfot 

1a. A method for producing an arftVeflectlve layer on a lithographic substrate comprising the steps oft 
disserving, >n an organic solvent, a composition comprising the tnide reaction product of at Boost one ami- 
noaromatfo chromophore with a polymer comprising an anhydride; and 

applying the solution to a lithographic substrate by means of spin casting, extrusion ooatfng, spraying, 
dipping, or roller coating; and *' 
removing at least a portion of said organic solvent. 

19. The method ofj data 18 having the additional step of apprying a photosensitive fim forming material over 
aald arrtlref lectrve layer on a lithographic substrate. 

20. A method of producing a film forming composition comprising the terttery amide reaction product of at 
19 teast one aminoaromatic chromophore w»h a polymer comprising an anhydride, said method cording 

cne steps on 

charging a reaction vessel with the said polymer and the said aminoaromatic compound and a solvent 
comprising cydopentanone, cydohexanone, orQ-butyrolactona; and 
refluxing or heating the reactante; and 
x Waring the reaction product and 

applying the f Stared product to a lithographic substrate without completely frying the reaction product 

21. A method of producing a film forming composition comprising the tertiary amide reaction product of at 
toast one aminoaromatic chromophore with a polymer comprising an anhydride, said method comprising 
the steps of: 

o^Wng a mixture of t he said polymer and the said aminoaromatic compound and a solvent comprising 
cydopentanone, cydohexanone, or Q-butyrdactone: and 
filtering the mixture; and 

applying the filtered mixture to a lithographic substrate; and 
heating the mixture to form said imide reaction product in situ. 

a?!^ pr0dUCJnfl an antirWec ** ve l *y« on a lithographic substrate comprising the steps oft 
afesowngjn an organic solvent a composition comprising the tertiary amide reaction product of at least 
one aminoaromatic chromophore with a polymer oomprising an anhydride; and 
applying the solution to a lithographic substrate by means of spin easting, extrusion coating, spraying, 
dipping, or roller coating; and 
amoving at least a portion of said organic solvent. 

83. The method tfcfakn 22 having the additional step of applying a photosensitive fim forming material over 
said antineflectlve layer on a lithographic substrate. 
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